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CMRS-LEC Interconnection

• This rulemaking proceeding is a critical part of the Commission's missiontcf~\~~~to
wireless competition to the local loop. As the Commission has noted, "changes in compensaEbK ,::,:.
arrangements are necessary if CMRS services "are to begin to compete directly agaiIfNMfC wireline
services." -.5 1996

• AT&T supports the Commission's tentative conclusion to adopt bill and keep ·ag.all .i;l1terim
mechanism to govern CMRS - LEC interconnection. To recognize the mutual benefits inhere~t the LEC
CMRS interconnection model, the Commission should broaden the scope of its bill and keep proposal to
apply to each carriers' entire termination service -- i.e., extend bill and keep to cover access, switching and
transport between the end user and the tandem.

• Bill and keep is an appropriate interim compensation measure because the implicit charges for traffic
termination between CMRS and LEe networks provide a reasonable proxy to the actual incremental costs:

-- While today more CMRS traffic may terminate on the LEC network
then vice versa, it is also the case that it costs CMRS providers more to terminate
traffic on CMRS networks then it costs LECs to terminate traffic of their networks.
In these circumstances, bill and keep is a reasonable proxy on an interim basis for

TSLRlC.

-- The Commission can expect that traffic flows will become essentially even after bill
and keep is adopted, since bill and keep removes a significant barrier to co-equal status
of CMRS providers and LECs.

-- In addition, bill and keep is appropriate because the likely real incremental costs
incurred by LECs to terminate a CMRS originated call is ~ minimis.

• As a long-term arrangement, the Commission should require LECs to set interconnection rates for
CMRS providers at total service, long-run incremental cost ("TSLRlC"). TSLRlC emulates that pricing that
would occur if the local telephone market was competitive and it prevents LECs from engaging in a "price
squeeze" by charging supra-competitive access rates.

• The FCC should exercise its plenary jurisdiction over interconnection and require LECs and CMRS
providers to comply with specific federal regulations for both interstate and intrastate traffic because:

-- a uniform national policy on LEC-CMRS interconnection, including compensation,
is essential to ensure the growth and development of wireless services;

-- Congress confirmed the FCC's plenary jurisdiction over CMRS-LEC interconnection
when it enacted Section 332(c) in 1993;

-- Even apart for 332(c), the inseverable nature of interstate and intrastate wireless
transmissions justifies preemption of intrastate interconnection rates; and

-- Nothing in the Telecommunications Act of 1996 disturbs the Commission's plenary
authority over these matters.



CMRS Flexibility

• AT&T strongly supports the Commission's proposal to clarify that CMRS providers may offer
primarily fixed services on their wireless spectrum. This action will:

-- allow wireless providers to make the most efficient use of their facilities
-- enhance the options available to customers
-- allow the development of competition in the local exchange marketplace.

• The Commission should not limit the types of fixed services that CMRS providers may provide since
this could result in artificial regulatory distinctions that would not serve the public interest.

• Until and unless wireless networks incorporating fixed services have actually become a substitute for
wireline local loop service, the Commission should continue to regulate all wireless services provided by
CMRS licensees as CMRS.

• It is important for the Commission to quickly issue an order clarifying the ability of CMRS providers
to provide primarily fixed services.



RF Standard

• Pursuant to Section 704(a) of the 1996 Act, no State may regulate the placement,
construction and modification of wireless service facilities on the basis of the
environmental effects of RF emissions if the facilities comply with FCC regulations on
such emissions. Pursuant to Section 704(b), the FCC is instructed to complete action in
its open RF standards docket item (ET 93-62) by August 6, 1996.

• The Conference Report on this provision makes clear that Congress intended Section
704(a) to prevent State or local governments from basing their land use regulations and
decisions "directly or indirectly" on CMRS RF emissions. Congress intended the FCC to
be the sole regulator of CMRS RF emissions. This would preclude regulations designed
to ensure compliance with Federal standards which are not otherwise required by the
Federal rules such as periodic monitoring, fencing, signage, power limitations, etc.

• The FCC should move quickly to adopt ANSI/IEEE C95.1-1992 as the exclusive Fedetal
RF standard.

the ANSI standard is widely accepted by experts in government (FDA,
OSHA, DOD), academia and industry. The standard was produced by a
120 member committee from over 14 scientific disciplines through a
consensus process open to public comment.

The FCC has already adopted the ANSI standard for PCS services. See
47 C.F.R. § 24.52. Many cellular carriers are voluntarily complying with
the ANSI standard to ensure safe facilities.

The ANSI standard includes implementation guidance and provides for
ongoing interpretation through a consensus process.

• The only other standard being discussed, the 1986 NCRP standard, does not reflect
current scientific literature, was not the product of a broad-based consensus process, and
contains no implementation guidance or ongoing interpretation program. The NCRP
standard also includes a scientifically insupportable limit on low frequency modulation
that could imperil emerging wireless digital technologies.
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Preface

Thia report is the leCond of a .... eoncerniDI ndiofrequeney
electrom&pelic (RFEM) ndiMion that.c~ an eztention ~
the NCRP iDle.... into the IUbject ofaon-loDiJiDl radiation. The tint
report, NCRP Report No. 87, RDdiofrequencyEleetro~""'
Propert~,. QuGntitk. and Unita,~_ luraction, fJIId MfG
,ure~rau, w.. publWaed ill J98J. The nport provided. comprehen
sive~ion of fpndameatall, lIp8CiaJly thole tUt nWe to redia
'ion protection. It provided the buia (or ftltuN NPOrta. incIucIJar We
one.

Soon aft'A!r \he work on Report No. 67 WI~ the NCRP formed
ScientifIC Committee 63 to pnpare • report on tIM biololical .treet.
of RFBM radiation. 1lUa lCientiftc cOlDJllittee wu a1Io NqUeded to
consider the development of recOlDlDllldationllor eJPOlUN criteria if
the committee felt that IUCh recom..ncWionI could be juatiraed on
the bul. of the adequacy of the biololical iDfonDation. The _nti&c
literature on the bioloPcal efTects 01 RPBM radiation iI volWDiDoua
but of varymclCientifac quMity, and it bM taken coD8idenble time to
&81811 it. On the bMi. of • detailed evaluatioll, which iI reflectecl in
tbj. "'PO'" the eommi*e concluded tW IspoIUn criteria could be
developed in tpite of the limitation. ortbe biolQlical mtorm.tion and
theBe too are included in thi8 document.

It needs to be recO,niDd that our UDdentandina 01 the biololicaJ
effects of RFEM raation is IIiU evolYiD& bMed on continum,
rellarch on thil important .ubject. AI • rt8Ult, it it to be espected
that the exposure cri~rie set out ill this ..rt will be evaluated
periodically in the future, aDd poIIiIJIy ..med .. new infonution
~uwn ay';:.;';;". T'uiat ... wuiiouina eiIaileop wr ,no. invoiveci
in radiltion protMtion and one towhich theNCRP.~t.9 f'lIl8P}nd.

This report 'NO prepaNd by Scientific eo.mittel 63 on BioJocieaJ
1l."~G ~!'~ "''''r~~~~ r~~~rl.~ fer P:di~~.~~~~DCj· ~cctr~ira~,':~\.i,"

Radiation. Serville on the CoIIlmittee were:
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1. Introduction

The radio-frequency .lectromapet.ic (RrEM) II*tNID (Table l.l~

i. formally defined AI .avel that ranp in trequency from >0 to 3 )(
1011 Hz (Sama, 1968; lTU, 1961). Tbia nIpOrt addnuee the biolGP:&l
effects oC eKpOSUN to RFEM rrel. that ....... mfrequency hom 3 )(
10' to 1011 H~ and in in-lJOCuo wawleDtth from, ntpeet.iftly, 1000 to
0.003 meters. Included in tbie ran.. are aU abortwlve and moet
microwave frequenci-. Wave.lo.r than 1000 m have ICMMriq aDd
abIorption properties with retped to ..... human body that cliffer
greatly from thoee o( waV81 Uwt approDmate the body', ,..,...
dimenlion.; loob .avetl ahouJd and wilt receive independeDt ....a,aie
by other usembl. of eKpel't& RJPEM lie.. tb.at lie D8U the upper
limit of the microwave lpectrum (3 )( IOU Hz), lind lielda 01 eYeJl

hilher frequency in Ute sub·millimeter Ipedrum (3 )( 10" to 3 )( 1011
Hz), i.e., fields at .avtle.. that .... hom 3 mm to 300 ,.., bave
received relatively little .Wdy ill the biolopeallaboratory and an DOt
addJesaed in tm. NPf)rt. H"Wer••xpO,ure to tar·intmed radiationa,
which overlap tbe RPEM IpeCtIum aDd are defined .. ,.. ftI\hJ
from 300 to 20 I'm (frequeaciea (Rtm 10.' to 1.6 )( 10" HI), .....
studied extenlively in the laboratory and is covered by eepante
eXJ)08Ure criteria, at Jeut in the induetriaI teetor.

The lack of quantitative data Oft the bioloP:al effectl of RFBM
fields hu resulted in widelpreld concern that IUCb npoeure politi the
rial' of injury to health reprdl_ of In.....ty. Altboucb then aN

leveral thouaanda of reporta-ecieDtU'ic pepen, boob, artie*, and
newspaper atCOUDtI-of widely varyinc Iid.ntitic quality that pNllnt
data or opinioD OIl the bioJogieal JeIIPO.... to RFRM I1IdIa&ioDe, DO
oonlH!nlUi bea 811lerpd retUdiDI thrubolda mdmecbaniamt oftnjury
'it aii~~;fl~ ~h;.v:jlt:.::: r~t.e:: {.!!!!~, ~!~ ~ f~ ~~~~ rt-P "'i~m

(W/ilK). The wide variation in RFEM-ndiation tJ;pOlUft cri....
around the worJd Ndedi Lbia "nee 01 COIJ88hIUL .An objective
l\nA\~'- nf t"", ~,,,ntir~ tiMl'atUIe aM. l'flCOIIlIMIDdaioaa lor eJQMMNn
limits by 8 qualified and unbiaIed IIOUP ofezperte ia IONI, Deeded.

To addre.. t.biI need, the National COUftCil OD RacliUD ProtMtiGn
and MeB8UNmente (NCRP) cleci«led in 1973 to enend ita Ie. or
activitie8 to the publication of reporta that provide naluatio. of the
biological effects of non·ioni~iDgradiations and to the publieation of
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\ lNTRODUrnON I 3

tbe interpretation of the literature and tbe specification of appropriate
exposure limita.

Unlike ionizina radiation, RFEM radiation mutt be tpeeitleCl in
terID8 of carrier frequency, modulation. elec1ric-field and mapetic
rleld stnngtbl (or power density wben applicable), and lODe 01 irra·
diation (near or far raeld). AJIo eomplicatinc the taak of recomJDIIldina
eqK)'ure gu.ideI is the f8Ct that UDreltricted UJ)01Uftl of the body to I
plane-Wive or 6 muJt.ipetb field at • pven inteoJity CUI bave NlUlti
far different from tboee ofpartial-body llpOeUN .t the ume iDteftlity.
Unlike ionizinl radiation, the ....tially .v• ...,.d field 1tNDIth. de
pending on the volume of .ICI over which~ fielda aN plf.,.d,
may vary for -liven body from practically .10 tD 18vela tar ....,...tin.
any propoeed limit on IQ)08UJ'e. Thia wHIe variation of r..w .tRophe
ne«:ePitatea the uae of .xcl.ion claUMI in the lpecified ftPOIW'I
criteria, .. discuaeed in Section 17.

ThiI report., which becina with • diIcuMion of tundamentallt»diet
at the molecuJar level in Section 2, pl'lllDbl a review of the IUbjeet
matter covered in NCRP Report No. 67 00 meebani•• of iD.ractioD
of RFEM fieldl with tiMue. De dileuMion contmu. to prolNlliwly
laicer del of interection, becinDinc with mecromolecular ad cel
lular efl'ecta in Section 3, ehl'OlDOlOmal and mutlpDic eIfectI in
Section 4, and cllCinopnic: eft'eeta io Section 6. The leope 01 die
subject. matter ia then ezpended to include l}'It8mie eft'ecte IVCh ..
thotle on reproductioo, IJVWf.b. and development in Sectioo 6, hema·
topoiesis and immunolotY io Section 7, eadocrinolocY and euIoDomic
nervoWl function in Section 8, earcfiovueu11U' efreetl in Bec:tion 9 and
cerebrovucWar effllcU iD Sectioo 10. The diJcuuion in 8ec:tloD 10
places Itrong flJDphMia on the blood-brain barrier, which hat receiftd
considerable attention in recent ye.....

Another controvenial ana baaed on many eonflitt.iq reportI-tbe
interaction of electrOmacnetic fltldt with the ceotnJ DIrYOUI I)'Item
and 8p8(ial leftll8-ie cMcuaed in Section 11. Some of 1M IaOn

inte~w.c and controversial eft'ecta tIut have l8Ceived wideIprMd
attention, such. frequency and inteDBity -.mdowl.tI aN diJeuMed.
Section 11 condudee with • ~ion 01 oeurolotical etfeeta, which
i..d ..~,; ttn, tiCl~vha.al ••urumul""wlU .yaww. Sum" vi i.he IDOft -en
sitive biolotPcal end pointe, thOle 8IIOC~ with beh8Vinr, 8.'" d.1,
cussed in Section 12; the. end pointl oootI'Mt gnetly with the
,.nn"~"t~~ ;!'~~.!.~•.•~ m~l~:tf'~! ~nd,~~nt. or e~~~~~~~~~t~:.z ~z

CURled in Section 13. In Section 12, • thermoelutical1y mecIiMed
interaction, wbich has received widelpreed attention over the pllt
decade, is discuaeed AI an auditory oeural effect, and it is • pbeOOID8-

-~
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"Prom 8ama (1988), bUIll on illtematiolllal t.t.t.y Imolvinl part.idpMg ill the
InlAlm.uonai T.ltcelDm~Union (ITU, 1981).

• 8eDd 1 it bucI .w. DO official llCIiectivai dneriptioll and .ymboL
8ua-ted entriel aN lor tbia bancl

•Ban" 12 bu no offieiaillijectiva! deecription. A lIOIIIeted eatry it ahtnm for thia
bud.

recODllDBndatiolUl aimed at limiting espOSUrM. 8ecauae there .uvel')'
little .t&ndudization 01 quantities and unite reilltiq to thiI f'ield, IIDd
becauae there ... eooaidenble conluaion between ioniIm, and non
ioniziac flIdiation, the NCRP felt t_ u • prerequilite to &be NpOrt

on biolocical .tlectl and espoewe criteria, • publication "u needed
on propel'tiel, quantitiel, unite, biophyaical interaetioDl, and mHl\IN
meota relating to RFEM fielda. Thi. tlrat report, NCRP Report No.
67, publilhed in Much 1981 (NCRP, 1981). providela beckcround 00

the phYlieal param.ten and meebaniaml of inte.-.etion 0( RPBM
fields with matter, a blCkrround euential for the interpretation and
!!..~de::t'..:"o!l"iun.:,., 1''''180t report. 'jiM complexity ortbe iDtenlctiOD
of tbeae fielda with bioIO«if'~J lJY!tM!! !t'~kcs it difficult lu inwrpret
the laree volume of UtAlr.ture 00 the aubject, beceUle a IUbe&utial

fr8ct.iol'l of u". ~!,,"Tl'!': ~p0rt;:d :~~ U.tt> Iii,noiii.w'e ial:&a tOe euenUti
quantitatioo diacuteed in NeRP Report No, 67. The biolOlieaJ effecta
of eKpOeure to RFEM tieldat depeod on many !acton thlt complieate
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non t.hat deeerves special attention. This interesting phenomenon
would never have been cl..rJy undentood without the development of
a quantitative argument. hued on the material preaented in NeRP
Report No. 67.

Probably of greatest tmportance in teC'1D8 of the efl'ecte of RJi'EM
radiations on human popuJatiOnt are the epidemiolopeaJ .tudiea ctiI
cuaeed in Section ... Tbermonp)ation i8 diltWled in Section 15 and
it an especially important IUbject becaule irradiation of an or,aniam
can re.uJt in hyperthermia, which is I'8llponlible for many l8pOI'ted
etrecta. Hyperthermia, 18 luch, is aI80 e.tremely iDlpOl1ant bec8UIfJ it
ia the bois for the ute of abortwave or micronve radiation u an
acijunct to the tn!ltment ofcancer, as reviewed in detail in Section 16.

Because the major pulp08e ofthi. Nport it to interpret the IiteratUN
in tenne of health and aafety of human beinll in an Rl'8M environ.
ment, the human e:lpo,un criteria and rationale provided in Section
17 contain aipificant conluaio.... It ... nect8Iary to make dimcult
dedalon. in arriviDf at theM conclutioM. BeeallM the biolopeal d8ta
but i. drawn from reporta varying in quality from poor to eleeUent,
one muat be aWIIN that the data forming the buil of t.hia~r alto
vII')' in quality. Thus, value iudlments had to be made conoemiDf the
data bIee diIeuued in the Preceding chapters. AIao, Practical problem.
that relate b.irhly localized 8Jlp0lW'U of the body to low-power radio
devicee 8IIential to the quality of life and to public lafety bad Co be
dealt with by NeOlDlDending m8Jlima1 enel1Y·a~rption levela in
addition ~ expoeure levell.

The history ot therapeutic applications of RJ'EM r..lda, wbich iA
reviewed in Section 16, il important bec.U18 it covers a period when
1arp numbe.. of bUDUUl "inti were .KpOBed to hicbJy intense RFEM
lielda. The hiltory i. 8110 illuminatinC, in relation to todaY'1 cont.ro.
veniel, in that it poin... out how mi8conceptiona, that atiU eai8t today.
were recopiJlld early.

The cuCotr date for the literature ...view of tbia report i. the end of
1982. A few references have 1983 dates. These relerenctl were oriIi
naUy abltractl dated 1982 or earUer, but, beeaute l'JJe references
bee8me available in early 1983 u peer-reviewed M!"'rt!. !~~ ~".'';
~~ :::::~..d.OJ .., pl8ierabie to the llbetracta when it baa been pouible
to do 10. Section 17.6, "CoIUlit!eratiaDa vo-ibly influencin, tbe criteria
in the Mute," is included in order to alert the reader 1Ibout. th". ,,~..
develor""",.t. R~f~~t:;~~ .. ~v ~ ~littCtlon are, of coune, current
references for the period 1983 to 1985.

I
,

2. Mechanisms

2.1 lalrodue....

Int.erpret8tion of mechanisms of biolocie8l .treeta of RFEM r..lda
is clouded by a bolt of conllietinC reports and opinion" ttpeeiaJly
when incident fJeJda are It intnaitiel that fail dilc:emiblY to elevate
the temperatuN of the inollioo or in-wtro pnparatioD. Even when
r..lda are at inten.ities ..ociated with Nliable elevations of the
temperature of the preparation, the poelibWty that~ elfeeu
are due in part to faeld-Ipecif'1C events eannot be neJuded. Direct
intenction. by electric and mllMtic fteIda with biolotical materiall
not only are po.able but are demonltnble. both in vitro and in vivo
(e/. e.g., Saito aod Scbwan, 1961; Praman, 1910; WeJcott et aL, 19'19).

There ia an inherent difficulty in diltiDlui.JUn, ami dilcrimin8tinl
between thermal and atheraW l effecta, a difficulty borM both of I

methodological problem and of faulty i....renee. Whea, (or esample, •
complez orpnilm eUibita a bebnioraI or ph)'liolocieaJ nlpon. to
irradiation by an RFEM field, the pheaomeaoJocjcal cbancter of the
response providee no definitive leverqe on wbieh meehan.1Il of three
poau'ble clasl8l it opegtive: thermal. ......rmat (field-lpeCific), or the
two in lOme combination. Thi. thNefoid .. of pouibiliu. defines
the methodoiOliw-aome would .., epiatMooI"'-problem. The
_ue of faulty inference is.:rempliraed by the widely beld.. in the
bioelectrom..,neticl community that. biololieal retpOD181 to ...
fie1de are a priori evidence of athennal cauaatiOIl. The hot tip 01 I
lmalllOlderiDC iroD. that mede accidental contact with the epidermis
of an UDSUIpecting technician would I'IIUIt in a dramatk behavioral
reeponee. An outside obHrver equippid with even the mOlt ..Mitive
01 thermomet.ric or calorimetric deYicel would be unable to detect the
average eleo.'!!t.ion of body te~(lture or U\e qu4l\tit.y of CIlClfgy
imparted by the brief contact-and if not aware of the iaatrwaent of

• ,.......~~ ..J..;"'jei...-lllOiw... ;iMli"·~·~"~illiUl._~WUl",'~
!AI e.bMp. of ............. wltell JUI'BM eMIlY Ie ImpaMcI GO or by • ...uum
or .,.-.TIIe~ ".tlilenu1" Ie 10 ... p....,ed onr l..... or ..008- ". Oa !.he
bui. or newer bowIacftII. tbe .... cleliftitJoa~ tW ill NCRP~ No, 67
(NCRP, 1981) where thiB e&et it deeeribeclil • IIGO·........... Ie ....... II •

chan" in • medium or .,nem u.at •• not dinctly bIOCiat4d with belt~ ","ell
eIectromapeUc: enero iI abIorbed.
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6 I 2, MBCHANJSMS

8timulMion, would doubtleea interpret the reaponle .. an athermlny
inlpired event. Thil is not to af'IUethat all "weak-field" rtIPODieI an
provoked by thermal "bot apots"-although lOme .o-called weu-fteld
effects are probably of thermaJ-hot-spot origin-only that the It.renph
of the incident field h.. no a prwri bearin« on the queetion of
mechaniama.

An ideal metbodoJoay in elucidating mechanism. of interaction ill
one in which independently detectable thermal and raeid-specific re
aponaea are e1ieited from the SlIDe biolo(ricalay.tem by the ame field.
Altboulb this i_I hAIl not been tully nalir.ed, Pickard aad coJJeact
have articuJated teItable theory, have developed novel techniquea, and
have performed innovative eaperimentation that collectively ..em
plily the ideal approach (see, e.I., Pickard and Roeenbeum, 1978:
Pickud and Banoum, 1981; BUIOUm and Pickard, 1882a, b).

The biololicaJ lpeeimen••1ectAJd hy Picbrd and 001..... are
alpe of the char..an family, primitive planta with membranee that
ezhibit excitability, Mtion potentialll, and ,...... I"MpORIeI ~ ....

chaniea! or electrical atimuhwon (cf. Pickard, 1973; Pickard Ind
Banoum, 1978). A .m,Ie, elonpte cell is muntained in a cireulatiDc
fluid medium in a holdine device 10 constructed that part of the cell
can be qpoeed to All RFRM field while a distal part, not eKpOled, i.e
contacted by electrical recordinc electrodes. A bunt of CW RFEM
enerl)' at frequenci. raDlin, from ten. ofkilohertz to tellA oflipherta
baa been found to elicit a relatively proIonpd electrical rupoQ18 of
OItenaibly thermal orilift, ODe that penista for IOIIle leConda after a
bunt of radiation it abeorbed. AD earlier response, an oftiIet of the
membrane'. restiDi potential thet OCCUI'I within II few millileconda, it
a fielcHpec:ific potential that is elicited by the bunt of~ eneqy,
but. only at carrier fnquenciu below 10 MHz (Pickard and Banoum,
1981).

Ironically, the thermal bail of the proJonpd reapoue .. DOt beeD
unequivocally demonstrated., but tbe early oIf1et potefttial i.e unup
ably the .......t of non-liDeu-rectifyinl-PropertiH of the ebaraeean
membrane. The quantity of abeorbed energy requind to elicit the
fwld-specific, oftiet nlpOnB8 is relatively large, a reQUirement. 111M i~

i.i.tl Hriier ciemonatration of pearl·chain formations by Saito and
Schwa" (19131). Were it not for the contluuou. c:."UUiiol oi tbecbaraeean
prep....tion. by circuletinl OuidB during periodl'of irradiation, the
r~r~r::tk.r. -.~,j\lJ k t.l.~iiliy J.,ua~ureU oy marked elevation. of tem
perature.

Altbqh exemplifyinl an ideal elperim8n~ the work on the char
acean orpnism it of unknown ..nerality. The data are estremely
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2.2 MECHANl8M8 or fNTERAC'MON I 7

important, however, in rev-aline unequivocal1y that • neld·lIpeCiflC
effect can and doet attend ezpolD" of a biGJocical pNPlfation to an
intente burst. or Cw RFBM radiation, at le..t. d frequenciet below 10
MHz, but tbeee data .bed little litht. on queItioa8 that attach to
another c.... of athermal interactiona, i.e.; that. obeerved aftAJr ecute
exposure to relatively very-low-inteMity, liD\MidII1y JDOCIuIehd
8hortwllve and microwave r..lda (c/., e..., Bawin ,e aL 1976; Blackman
et al, 19800 Adey, HMO). In nperillleDts in which iaolIUd ebieken
brains were ezpoaed to ew rleldl or to fields mocIuIated at 3 tAl 80 Ha,
an elodut of calcium iODB (Ca' +) from braiD aateriaJI WM obeerved.
but only to modulated fielda within a narrow bud 01 fnqueaCitI
centered near 15 Hz-ud only within a nanvw IUI8 of poRI'
densities. 8ecauae the .wr. amount of eDeIlY ctpturecI by brain
materiale wu held coutant &CI'OI8 frequeIleill, thermal etrecta ...
could not be reeponaible for the re.... of c.S+. The. iDf.riIuinI
elperiment8 are diIcuMed in deWl iD Section 11.

As a point. of dIpanure in the diJeuaiOD of mecbania-. it caD be
stated that tbere iI ample evidence that athe"" .-.cUOII8 in
biological material. are Dot only poMibJe but. have been dMao...t.nMd
(or fielda both at.rone and weak. It 1Iluat a1IO be ItaIed that the
biophyaical mechaniBml of theBe athermal events are but poorly under·
stood. SwnDUU'ised in thia tedion 1ft! both data and theory the, bear
on thermal mechanieml!l and on the larply uncharted froBt'. of

athermal interectiou.
In addit.ion to the dileutlion on mecbaaillDl in thiI aeetion, further

mlcu.ion on lIlecbuiami will be found iD Sec:tioIl 11 on RPBM
interaction. with the DeI'YOUl ayatem. While dU. additional cIICuIIion
could bave been incorporated in t.hia MCtion, it bit been kept •
Section 11 to maiDtain cooUnuity there.

2.2 Mechel... of IlIt.eI'actloa witll Bioloelcal llatert'"

No one debatel tbe poteocy of theruial effecta of RFBM irrMIiation
at hip power d4lnaitiea (~100 mW/em·)- (,;oDt.r0¥8ny ...... boweYe1',
o\.c:' intcrprct:ltions of mcchllni.8ms at m' ~er densitiet (~lO
mW!cm") at. which athermal biolopealeffec:ta bave been clemonatra
i,.,J. r~U10 :.•• aWlUillU'il.e.. u....'-a on ill~l~~d" UiliOiN1..wU, w~L. l..o\,,;

given riIMl to tbeori- of interaetione of RFBM field8 with mattAtr.
Schwan (1976, 1977) ltate, that. NIOlUUlt iDtenct.iOni of biopoly.

men with electric fields are unlikely at fNqUencifll!l below 100 GHz.
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1'Ic.•1.8. Dtpeodlnoe <_tift tel .....imIll value) or byperemia on duntiGD or
t.rea\.menl, (PJom LeluDano. 1871,)

increued surface v.odilat.ion. will prevent now of thermal eaeqy
into the deeper mUBCUI&t.ure. No incre.... in t.he flow of blood to deeper
ti••uee will Neult.. and there may even be vuocoDsUiction to compen·
sate for the increued now of blood near the body'8 surface.

Nervous reflelt8 uiainc from surface heath. of one part of the
body can leed to ~mperature iDerelMS in other parts of the body, '.1-,
in an oppollite eat.remitYt but these ATe are 1.. pronounced thaD the
primary increaee (Pilcher and Solomon, 1966). Relaution of .tria"
,"eletal muaclea may occur, and mUlele 'Pasma may be reIOlved by
.uriace hutin, beclUli of A10exive nervooa reactiona rrom 1W'fAM:e.
temperature r«epton. ThO&, in pneral, aur!lce heatin, providee oa1y
mild phyliolotic &ad therapeutic reaction., aDd any effecta of t.he
deeper patholofric condit.io.. are only ref1elively mediated.

Effective t.henpeutic beatins of ti8lUft below the skin, e.,., iD the
8ubcutaneouB layer 01 rat~ by RFEM fielda requires proper ..ledioD of
:i~IK;Y. appiicator, ana input power 10 that the tAtmperatuJeI or \he
deeper tu.8'IJe ('.an"" rt'i!f'd tQ t,heo optima! level of 4.. to 45 ·C 'bitbin
a &- to 16-min period. The durauon of the maUmal temperatwe CaD

~ ~~r.tl"Cl!:=:d. b~~ ;:dju;;~f~ tt,; iu...u~ iiU\'t'tli i.,,,ei. Juan, licionl or .h~
t.he temperatuftl reaeb. the malimallevel, vasodilatation will produce
a marked increue in blood flow that will limit the AT in _uee with
pod yucularity, whicb win be followed by a decreue in ~mper.tureI

from the peak value by eeveraJ de,Ne& Celsius. An exposure period of
20 to 30 min is generally required to produce optimal t.herapeutic
benefiUl.

16. MEDICAL APPLICATIONS
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17.1 Backpouad

In the elrly to middle 19601, teDtative .nortl_re mlMle to ..~h
exposure criteria for Rf'EM fields to provide • IlUU'Jin of ufety Cor
indlWtrial populationa. The data bMe needed to .lItablilh eJqtOlUle
criteria and Jimita wu almOit non-exietent from a biolocicaJ point of
view. and only the preliminary, pioneeriDlltudiea ofenero Ibeorptlon
and tranlfer procellll8 by Schwan ud .tuclenta bad been reported (4,
e.,., Schwan and Pienol, 1964, 1966; Schwan and Li, 1963, 1968).
Becaule the evidence at that time IUPPorted the position that huardl
would .riIe only from heatine of tiauee by Ibeorptlon or RFBM
energy, the &enera! approach wu to ..tablillh 11\ ..poauN eritAlrion
baled on tolerable thermal loedinc. Participuttl in the lint Tri
Service Conference on the BioloPcal Huarda of Microwave RadlMion
(Pattish,)), 1975) formally accepted for the fint time a limit on
occupational eIPOIUr8: a maximal power deDlity of10 mWIe.', which
Wl8 applicable to military penonnelat all "'microwave fnquenciea."
Several privale corpontiorw allO .t.blished workin.limita on npo
sure &8 oper.tine guidelines, but it ... not until 1988 that Committee
C96.1 of the American··National St.anduds Inltitute (ANSI) eNb
lisbed I working .ubcommitMe (Subcommittee C95-JV) to develop
eaposure criteria. The limit propoMd by tbia IUbcollUllittee "u the
lame 88 that prepared by the Tri-Service Coamait1.ee in 1967 (a power
denllity of 10 mW{eml at frequendel from 10 MHz to 100 GHs). In
1974. tbilllltandard wu retairwt "nr.h.n~.".~ fn, mL'!':.'!' !'!".t!!!~!!,

by the C96.1 committee. (II 1982, ANSI promulpted • lie" revielon
that incorporated recoptt.icm of eubltailtial fnqUency-deperideDt vii'
iatio08 in ntea of eoefl)' tranaler to the buman bodv from an RFEM
held (ANSI L.'96.1-1982). The limits of the DIW ltandard. "hleh ue
summarized in Table 17. L, nplicitJy ICCOWit for theee vuiationa.

ANSI standa1d8 are adviaory only. 'nit OecupaUonal Safety .
Health Administration Idopted the 1986 ANSI-C96.1.tandard .. an
exposure lUide in the workplace (OSHA, 1971). However, in the
application of the OSHA reculations, two rolinp by the OSHA Review
Commission. an independent agency, (I) that standards based on

17. Exposure Criteria and
Rationale
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TABU 17.1-ANSJ C96. J.J~ Protfttion flIfdu·· rodlofrYq~ftIQ dtefl'O"""'~
rediatu",-.'

• Prom ANSI (1862).

• mluureel i em or IJeItft from uy objeet in die field and awr_ for uy 0.1 • (6
min).

• (Electric ,...ld)'/12OOw or 1211'(1JI.8ID8tie field)', whichever it creMer,

",houltl" ltatementa, which the repdatiOnl are, an not ealOl'CMble
becauee they are advisory. and (2) that a hazard addJoened by III

advisory Itandard cannot be the subject of a .....ral duty citatioa, ..
attempted by OSHA to c:euntAtrac:t the effect of the 6nt ru!iDe,~W'
in tb, inability of OSHA to implement 8Dd enforce ita Don-ionidnr
re,uI8tiOIll. In a 1982 Field Directive. OSHA affirmed, 4mODI otlMr
matten, tbM. the. dedaions of the OSHA Review CoDUDiuion 8N it.
current policy.

In 1976, the United S&atet Air Force published. two-.., fNqUlDey.

dependent Itandud, APR 161·.2, that lpecifaed pel'lDi.ible IItPC*U'8
hrvels 0( 50 mWIcm' at frequencies between 10 kHz and 10 MHa, and
10 mWIcrn' at frequenciel between 10 MHz and 300 GHz (USAF,
1976).

It i8 beyond the scope of tbis report to pro"ide a complete cove,.
of propoeed and eUl'l'8nt elpOlUre criteriel for countries other than the
United Stata. ~ in other W8Item ...tions, tbeae vahB r8J1C8 from
Umita quite cloee to tho.. recom....Dded in the ANSI-1974 .taDdard
(e·I·, 10 mW/cm' in the PederaI Republic of GermaD)', in the United
Kin,dom, aacI in the Netherlands), to val..- IimiIar to the 810"
recent Swedilb IDd CamKUan .tandarda (-1 mW/em

'
). Amoq the

Eutem Buropean COUDtriee, the working levels for occupational a
posure ue aipifieantly lower than tboee ofany ANSIIUndri Tbeee
ltandarda ... Nviewed in a document published by the World Health
O~iMt.ifM1 (WHO, !~!}. !u o;;WWlUY, i..iUa document clUlifiel

Eea~mBuRIpean standards in two «I'OU.PI. Group J ill repreeentec! by
tbe.tandaftI ofthe Union ofSoviet SOcialiat RepubJiCla-wbicb apecifiee
• workilll-dl, limit of 10 ~,W.'("rfta. '1"h!~~ ~:u: b iJc.;;,~J w i
mWIcm'J. for periods not tlloeeding a few minute•. The WHO Group-
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17.2.1 Power Dentity and hid Sere""'"

NeRP RAtport No. 67 NviewI the varioua IDUDI of IMMW'iDl
RFBM (..Ida lind empbaizee tMt there is little poIIIbility 01 directly
rneasurilll the abIorption of eneqy by bioloIicaI bocIiee at the ceUuJar
level. It is neceuary'to IMMUre 101M cbaractMiatic of the iDeident
field. and from this to impute an eJJeflY depoeition nte ia tbe tiIIue
of inte....t. Prom \be earlier portio. of tbie section, it it evident that
all previoua 8qJO'ure criteria have cbuacterirecl the faeld in unite of
the power density of an equi.eIeat f~-&eld plane wave (lD. ' ...,
mWlem' or WIml

). In IOID8 tMeI. IIlHMU'8IDenta of the eJ.ctric:·6eld
atrength in V1m and/or of the mapet.ie-6e1d .trenetb mAIm baVI

aI»u been uaed .. 81p011Un criteria (tee Tebl. n.l;. BecaU18 nearly
aU devices available to aoeuUft radiaLion lielda fundamln&ally meuun
Lhe 8U'encth oi the electne or the ......tie field, tbIre is lIlueb to be
aaid for specifying ezpoeUl8 limite in tbMe tel1ll8. The Nlation betMen

The transrer of eMrlY from the radiation field of an RFEM lOUl'Ce
to a biologicaleyatAlm. and the ultimate fate of that tranlferrtd ....qy
in tel'lDl of bioaop:al cbanp in liviD( tiuue, is an extremely eo_plel
problem. The detaiJa of field-body interaetiont have been preMD'" at
lenctb in a publication by NCRP ScientifIC Committee 38, Report No.
67, which is entitled~ncyEIec~Fie,.: ProperCiu,
Qtumt~. and Uniu, Bioph~ieGl l'*rvetWra and JleuurerrwtaU
(NCRP, 1981). Report No. 67 ilia primary 8CJl.lme on whicb the p.....t
report is based with rnpect to detAlrmination of npoture PJidaAce.
Indeed, it was also the buia upon which the ANSI atandud wu
developed.

17.2 M....r.meat aad Ualla'. BFBM ......
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II standards include thOfle of the German Democratic Republic, Po
Isnd, and Crecbos)ovakil. Tbeee countries have ...ral-populatlon,
c<lnUnUOu8-exp08Ure guidea rancing from 10 to 100 pW{em'.

Clearly, varied opinion and philolophy underll" tbeee widely ranl
ing .tander. for e~ure to RFEM fieldJ. It is elto dear that, until
the promulption of the ANSI-1982 &t&ndard. litUe consideration had
been given by standard aettinc bodiet in the United States to the role
o( the carrier frequency of the ractiatiDI 1OWC:8 in relation to the
deposition of enetIY within the body, and. bence, to • more accurate
assessment of biological effectiYeneu of the radiation.
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the power deMily of 8 far-field plane WBve and the atrenlth of ita
fields i8 8imple:

S". E1/120(),r :: 12dP, (17.1)

where power density, S, 18 exprelled in mWlem'l, e1ec:tric field
8trength, E, is ezpresaed in V1m, and magnetic field Itreneth, H, it
ezpnlseed in Aim.

17.2.2 Dosimetry

Althouch the frequency-dependent nte of RFEM eneqy -beorptioh
by a bioi••• body was not formally incorpora~ into~
guidelines until the Idvent of ANS(·1982 ltandard, thil dependency
wu dilCoveNd in the early 1960e by a Soviet acientiat, V. A. Franke
(ct· Fnnlle, 1961; Preeman, 1970), who elpoled modele of h-..n
bein,. to fields that aimuJated longwave, shortwave, and microwa"
inadiation in the far raeld. Tbe&e eq>erimenta were later confirmed
and ntended by Gandhi and colJequee (ct., ,.,., Gandhi, 1974, It'Tib,
198Ob; Gandhi et aL, 1977; Durney et 01., 1978; Gandhi et 01., 1979),
who performed analytical and experimental Itudia on modell of
buman bein.. in conjunction with ezperimental .tudiea of amalJ uti.
mala. The primary facton that control nte of eMIlY ab80rption wen
found to be the wavelength of the incident raeld in relation to the
climenaionl and pometry of the irradiated orpnilm, the orientatioa
of the orpnism in relation to the polarity of field vectors, the preeence
of refleetinl surfacee, and wbether conductive contact ia ...by the
0l'Jllnism with a ground plane. The muimal rate of enerl)' ablorption
from a plane wave by the iaolated, ungrounded mammal was Iound tAt
occur wben ita long am il parallel to the vector of the electl'ie rteld
and ita uiallea,th approzimatAls four tent.ba of the ".ve!eDlth of tile
incident rleld. Under theae conditione, the organi8m emibita mo
Mnce, and ita electromapetie capture .urflCe i. larpr by 2- to 3-fold
than i. the ... of ita pometnc Cro.1 Melion. The biolOlical body,
therefore. conform. to predietionl of antenna theory (Gandhi, 197.).
In addition, if the relonant target i. electricallv ~ndM-.hir.h

roughiy halves the reeonant l'requency-or if other reflective IurW:eI
or object~ tlre in proximity, I:.he cAw Ul tmeJV abeorption can iDCtNII
to even hiPerlevels."

!~, w...~ "ll~ of ~hti pioutlllollI mvtl8UCataoDi of hanke and Gandhi,
it came .. no surprise when II aizeable number of studiel of ..urine
and primate animall revealed that rate. ofenerlY abeorption are IlION
reliable predictors of biolopesl effects than are power densiti81 of the

!f.Tl1'
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incident field (lee, e.g., Section 12). That meuul'etl of .blOrbed eneqy
are a prerequi.ite to valid acalin, of strenttha of incident fields at
different frequenciel for predicting biological r8lPOnMI w" reeocnilJed
early by the clinician. (Mittlemann et aI., 1941; lee also Section 18),
but it wu not until lb.,late 19tk)a that a dmimetric approath to control
of RFEM radiationa, companble to that uled in the ra.ldB of clinical
pharmaco101Y and ionilinl radiation, wu introduced (JU8teIen .....
King, 1970; Juataell flt Gl., 1971; King ee Gl., 1971; JohnlOD, 1976;
Justesen, 1975; NeRP, 1981; Guy, 1983). The mu.·normalir.ed time
rate or eMIlY ablorption (dote rate) and ita time intepal (enerc.v
doee), .. .-pectively IpecifJed in 81 unite of Wfq and J/kf" .....
adop~ by tbe NeRP, and are delcribed in detail in NeRP Report
No. 87 (NCRP, 1981). The RFEM-eneqy dole was labeled 8peeifk
A"-orption (SA), ancI the dote rate wu laW Speci/k AlMol'pCion
Rate (SAR). Thil nomenclature, whkb ia lpeCirlCally applicable to
dosimetric: mea8UI'etI 01 RFRM r-elde, W8I deviMd by NeRP .. a more

suitable tenninoJocy than the pneric tel... of dott 8Dd do« raN,
which carry for IDIny indiYid...1e connotation, of ioniainc radiation.

The SAR is defined 81 the time (t) derivative of incremental.DeIlY
(dW) abeorbed by an iacremental Dl.888 (dna) contained in a votume
element (dV) of a liven denaity (p):

d(d~ d~W)BAR. - - - - - . (172)dtdna cit V .

The SA i. the time infAllral 01 the BAR. NCRP RAtport No. 87 cliIcuuee
the BAR in detail and present& a comprehenlive review or the phJlical
theory that underli.. it.
t'1.2.2.1 WIwIe-Body D.-inwtry. The SAR, 81 ulilited in the ANSI·
1982 etandard and in the pretent report i8 baed, un.... otherwi.
noted, on the whole·body IDU8 of th. ined.iatAld orpnie., The SA
values are limiluly b8Ied and are implied, if not made esplicit, by the
6·min period that is adopted for a~ the Hmitiac SAR lor
espoBed worken. ThUl, the limitin, whole-body·.venpd SA tor any
6-min period of upoeure is 1« J/kI tor the SAR limit of 0.4 W/kI
(Seetiona 17.3 and 17.4.1).
17.2.2.2 ~~Z;U;i.t~~~VlM;,,,4ti.ry. T"ne SA ana StiR are. appiicabie
to the DWI of individual body pert.I lIB they.,.. t.o t.h~ k't!Il man ~f

the orcanism, and, indMd, bee... rats. ol.blOtpUon atRJ'BM enerlY
~,.~ "ifr~~ ~~~~t,n~, wit.h;_~ 'bp "..~J',"~m~ of :tn o~n:;'m. t.hc.;~ l£ l~~
clinical and ezperimental utility in determinin. SA, and SARtI iD
discrete orpna or tillue. of interest. DiatribuUve doeimetry wu
pioneered by A. W. Guy (Guy, 1971b; Guy et aL, 1968. 1974), who uaed
the thermographic camera in etudieB of bioiolicaUy 8imulat.m, mode..
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("phantoms") and of clldaven o( laboratory animala. Thia 'POd ...
Y8lI1ed that the dittribution of SAR. is a biehly complel function 01
many variabla: carrier frequency; zone of irradiation; field poIariq.
tion; electrical p~rties of tuues; and maul geometry, and 1DODae1l
taJy orientation 01 the biological target.

Becauae the cUtributionB of absorbed enerlY ICfOII lIIMCiet. r.
quenciee. and ezpoeure environments are BO hllhly \f'ariable. the wbole.
body-averaced SA1llI and SA, bave been adopted on practical crouadI
.. the dosimetric Ia.asurea ofchoice in re,uJatory practiee and and.
IJ'd 1ettiDI. MONOYer, becaUle ethical conaideratiODl dictalAl tbM
whole-body cbimetric wluea must be estimated or enr.poa..... lor
Urine buman bellll'l, the primary JOidel in limiti.., human ftPOIUnI
to RFlM raeldl mUlt be specified in electric an4 ID8petic fWd
8tNncdu (or in power denaitiea in the caee of elp08Ul'e in the tar field
of a plane wave). AI a1Ch. the role of SA. and SAR. ia that oftkrivi",
permiaaible r..1d atrellltha or power delUlitie. or incident fields of
differinl carrier frequency. In thOle caMS in which it bae been .....
lisbed that there aN hiBhly intenae. focal conoentratioDl of ablorbed
RFBM eMfIY in the body (i.e., electtomapetic '"bot epota"), thia
knowledp Bhould IUpenede the whole.body value ad leld to I
co1"1'e8pOGding reduction in the permi_bIe level of exposure.
17.2.2.3 Cawau on Interprewtion. 01 Do.imetricMeu~•. Neither
the Itreocth of the incident field nor the quantity of eneIIY abaorbed
from it by an orpnism bas any G-pru,ri warrant in the interpretation
of cauaal meebanilmL There baa been III unfortunate proclivity by
80me inveetipton to aauIH that the SAN and the nte 01 tiIIuI
beatin, are pbyaiatl identities. AltboUC'h the conaequence ol the See
oDd Law of Thermodynamica iI that the ultimate tete 01 abtorbed
RF8M ,nerlY it thermalizetion 01 ti.uee, tranBient field-apeci&c
effects have allO been obeerved. A rnpooae by an orpniam to RFBM
radiation may haw • thermal buis, III athermal huia, or • combined
baBie. Determination of which of tbeae three cla..ea 01 C&UlAtioo ill
operative in • liwn conlAln NIta upon appropriate ezperimentatioD
and infereMe. DOt on presumption.

The SAR i•• prlCtk:al tool by which one can make allowances for
the colDplez abeorbi.., and aeatterin. properties of orpniama •
nemplified by the larp frequency-dependent variations in quantitiee
of enel'l'V Itt.n~ f~~ :: tl~:~ ii~ cia wlwi.aui power Genlity. Fip.Ire
17.1 ~eO~1Al from Gandhi. 1979: Guy ~t al, 1978. 1983, abstract;
Lin ec ai. 11177; Chou and Guy, 1982) BOOWS {requency~dependentSAR
curvea of severaJ prolate ""hllm;AIl at .. r,..~·~:' d;:.~•.;:it,) vi ~G w\V/uu~

III !.tte far field of I plane wave. The. curves also demonltnte the
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'-'." ....
..... 17.1. Aft..SAR iDproWe ....... or".,... t.,.,

........ to • powr cIeDIky 10 rAWlem- at ftriouI fnIquencieI.".. ....

..- to ...... npowre or ~ IU&Ijeete ill ItPBM (6r
Gandhi, 1179). TbI pomu idlntUW by die ........ b, e IDd • ""te ......
loe-liIed BAR IeftII __ on ID8IIlftIlIIIfttli .. r.Ilow: • and b, ill .,~
heinp (Gto' ft 01., una, 1183): Co ill ..... (u. " 01.. 1m); ad II, (Chou ad
Guy, lINit.) The aftrql ......~ ,... (BMR) iI "'own by the lower cIIIIIed
horiloJtt,alliM.

enreme dilferencea in ·wont-cMe" whoJe-bod,y-aventpd rates of en·
ergy deposition u • function of body dimeDliou. Given I IenIth of
7.6 cm for the proa.te apheroidal model oC • 26-, IDOUIe. the mllimal
SAR (-12 W/kc) occun near 1600 MBa. For the model oI.tandard
man, a 176-em prolate spheroid. the muimaJ 8AR (-2 W/k.) oceun
at appromnately 70 MHI.

For the purpoee of eatabliahiDi n.poMlft crit.ri. in the 1o)1owiDg
IecUona, the SAR i, a CuDcIIIaeI1tal qwmtity. TheN iI. however. no
intent to define txpoeUJe criteria eoIely in terma orSAR. CoDiidention
is alao pven to other fadon where appropri.... These r~n include
the possibilit.y of 18\f'8ft1 deviation from uniformity oC enel'l)' depoIi
tion. npeciaJly at the spectralextnmet01 tNquency. u weB-,..able
modulation- and c:arrier-~ncy-apecirlC biological retpOnII8.

17.3 De......t 01 tile8AJl.~" Cr!t-MieJl

As diacuaIed Mrli"" i., tM.. --ct!~!!. H::- {\~::o1i'ti0r. ~,J ~ilJui.iU&l

of RFEM eMIlY rewJt in an 'Uremely comptel phenomenolocY that
18 dependent on a body's 1DUI and ahepe, itt orientation with rwpeet
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to field vectol'8, its electrical propertiea, and the electric:al propertiel
of the eZpoIure environment. Beeauee of the multiplicity of interaetinc
eactora, exposure criteria must be .tebli.hed in a manner such that
aIJowance i. made for maximal amplification of biological efIedI ...
result of field-object interactions. Furthermore, the criteria IbouId
take inw account )J088ible effecta arising from unuauaJ circUlDltancei
in either the enernal environment of the individual (e.g., amhie..
temperature and humidity) or the intemal environment of the indi
vidual (e.,., hyperthermia, debility and eIi_>.

The approecb uaed by ANSI, in ..tabliahing eKpOlUre erite,. tbM
lClCount for the frequency dependence of the S,4.R, Us been cholea •
appropri8te to follow, with particular emphaais on enmination of the
domain of reeonant frequencies of human beinp !10m ....... in'" tAl
larp adult. Special attention i' therefore paid to the biolocbJ eftectI
reported in the l'88OWlnt-frequency retion (30 to 300 MHz).

The body of lCientific knowl. of bioJocical effect. of RJl'BM
irradiation, aJthoUlb containinlllMlraJ thou.nde of an:hivll Nporta,
i. fJ'8fPDented: it is preponderantly baled on acute eqqUNll at .....
lively few frequencies. Ideally, 'qJOlIUI'e-control pidelinet would alto
be bued on a weU-doeumented literature that reflect. effectaofchronic
irradiation ofa variety ofapecies across a wide IIp8ctrom of frecrueneiet.
In apite of the ahortcominp of the data, it ia neca..ry to pnMlIeCI
prudently with the proceu of ezposure control through the seWn, of
standa•• wbile elereililll appropriate caution and fully informinI
the worker and the public of the limits of knowledp.

It would be inappropriate to repeat h.re an in.-~%teruo review 01 dMa
on RFEM radiatlona that have induced harmful effeet& in U)JM'imen.
tal animal.. beeauM the preceding HCtions have dealt with thia.object
exhaustively. It is 8118ntial, however, to summarize information on
key end pointa that are ueeful in establishing eqJosure criien..

The mMt important and directly useful data for the elltabliabment
of criteria lor limiting expoeure to ,any nosioul environment are. of
coune, meaurements and findinp baed direetly on human beiap.
Unfortunately, data of this type, whicb are epidemiological or eliDieal
in nature. Me relatively few in number. The data that do el.ilt baY'
been reviewed in Sections 14 and 16.

In the ab8ence of human data. it is nece...ry to tum to dMa OIl
subhuman cpodes in full rWiz.~il.JD tbat body dimeneion.lDCl .....
have an enormous controlling innuence on the SAR at • Pveo ....
'tu.....l;j". Ii. ill WiiO lwcellMry to ....lze tbat direct estrspolatlOD of
aubhuman data to man i8 aJ,O fraucht with problemabee...of&peeific
anatomical, physiological, and biochemical differences amonl tpeeiet.

In the frequency ranI'! of primary intere.t. i.e., 30 to 300 MHJ, aDd
also at higher frequencies in "he microwave bands, a review of the

;:~
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dat.t of the previous eectiona indicatee that behavioral ditruption
(Section 12) appear. to be the IDOIt statistically .ignif"tcant end point
that occurs at the lowest observed 8,4.R.

The carrier frequencie. uaociated with behavioral clilruption ....
from (()() MIU w 5.8 GHz. TheM st.udiee we... performed on tpeei..
fanginr from laboratory nt8 to rMSU8 monkeys. and involwd neer·
field. far·field, mult.ipath, and plane·wave fieldt. both CW and modu
lated. In spite of marked differencn in f.ld puameten, thlWholda of
behavioral impairment were found within • relatively nanow rante of
whole-botly-averaged SItR, recinc from -3 to -9 WI'k•. In eontntt,
the corresponding ranee of power densitiee i. 8 to 140 mW/cm'.

Thre.holdA of dilNption of primate behavior were invariably .bove
3 to .. WIkl, the latter of which laM been tabn in thit NpOrt. .....1
88 by ANSI, as the workm, threahold for untowaRl effeda in human
beinBB in the frequency ranse fl'Om 3 MHz to 100 GH~ It i. cleer that
the laboratory-animal to humu-beinl paeraliutioD ewer tbil wide
spectnun should be modified in lipt of lUly evidence of lncreued
susceptibility in .pecif'JC frequaney domaiDa. (Theee tpeCific doIMinl
are noted in Section 11 ud are aecounted for later in tit. 1ICtion.)
HaviRg accepted a threahold of effect in terma of the whole.body·
averapd SAR, one moat apply III appropriate mucin of ...."y. Thi,
..fety margin baa been taken II • factor 01 10 for occupational
populations, and the fundamental BAR tqJ08Ul'8 eriterion of 0.4
W/kI ia established for frequencies from 3 "HI to 186 GBz. The
fundamental criterion arrived at in th. report. a wholt·body·......,.d
SAR or 0.• WIkl avenpd over any 6-min es.po8UN period. dole not
differ from that cholen by ANSl. Here. however, thiI value i.PIQPOHd
88" limit only for occupationally espoeed indivicluaJs. _ new lower
level, of averapd espowre are propoeed for memben of the 18ft8raJ
population.

17.. r.plelDeatatloD of B.....1'8 Criteria

17.'.1 OtcupatjoMl Expo.ure Cri~ria

Because mel.lUfements of incident. fieldl in the workin, environ
~e:1t ~i!! ::~:;:i:;Darl:j hi ...:. ial i.M~ ui i8id atrenpfta or i.D the
more familiar Ul\its of POWer cleDlrity, it i. netelMry t~ provide~.
sure criteria in theae unita. Furthermore, n.tatement of the npoIU1'8
ruid"linfl!ll in tJ'nn_ nf ~11I!,,!,-~!,!,·""'·!"7,I~·e.!~nt~~'e!' d:r..<,;~w .:illvw.-J .."
clear eKprenion of the frequency dependence of tb. a\fer. BAR. For
occupational'qJ08ure.. thia report pl'C>JJOlM the adoptioD ofa acbedule
of frequency·dependent power denaitiea .. shown in J'iaun 17.2. Thete
do not differ from the echedule pven by the ANSI protection pities
in Table 17.1.
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AIJeTOKinl for tlw OccuptJtionally Bxpoted.

The biological data available for development of criteria were col
lected from a wide variety of radiation 8OUJ'C88. In Iddition to varym,
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•. Below 3 MHz and above 0.3 MHz, the expoluN criterion n·
preaaed in terml of power denuty is taken 8.1 100 mWfems• for
reasona that are d.iIcuJeed later.

The rationale for the stated neommendationa is that the redtin,
power denaity It any given CHqUency i. rouIhly dncriptjve of the
inverse of the resonance curve in Fisure 17.1. At the two ezbemes of
frequency, ot.her coneiderations become i_portent.

At frequenciet belOw 3 MHz, eneqy..ilion in the body cleo......
directly with the equare of frequency <PiIure 11.1), and die power
density required to achieve a whole-body averapel SAl of 0.• Wfq
is very Jarp indeed. At th.. fNqoeneiel, the physical and phyaioloc'
ieal effecta of the ambient e*tric field will dominate. B4M*IM \he
effects of hishly intenee, low-f'nlqueney electric field. are 8I8OCiaWd
with surface interactions, the ave... SAR at potentially hIumfW
levels will fall to levels comiderably below 0.4 W{kg. Filure 17.2 Ibowl
a cro.s-hatched area for frequenciee below 3 MHz wh.re the atreqth
of the electric field il the limiti.., condition.

The recomm.nded limiu of eJPOlW'8 below 30 Mfk, and perhape
at fwequenci. eomewbat bieber, apply to CJM-",ce ezpoeUN condi·
lions, i.e., to conditio... under which a penon is not in contact with
any object includinc the ground. In fact, the limit. are aIao bued on
II person standing barefoot on the potJJKl, thia penon laaYinl an
unrealiatic averqe conductance of a bomopniRd body. For otIMr
conditions, IUCh a ltandiDt on the pound with iuulation (e.I.,..
or wooden Ooor) and beinlll'O'JDded by contad. of the band with •
rrounded object (e.I., metal fence or pipe) or beina pouncted _
touchin, AD inlulated metallic object (...., truel or crane), theIe UDIitI
should be lowered. For the rant t.wo conditio... the 8zp08Uf8 limite
muat be determined with the u. of three criteria: (1) whole-body
aver. SAR (0.4 WfkI), (2) ...Jrimallocal SAR (8 WIke) (1M Section
17.4.6), IDd (3) RF buma at point of OOI\taet (200 IDA). Limita for the
cae of beiDi JI'OWlded and tG.acbin1 AD imulated metallic object can
be determined with the u.e ~ the .... thne criteria but only on a
caae-by-C188 _is because the cIecNe of baud cItpeRcIa on the .. of
the object. (See Section 17.6 for pORible future coaaiderations int'Iu·
"m;~ We criteria.j
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Ml 30 tOO 300 11500 10.000 100.GOO1_
Jr.._r.....

.... 17.2. Criteria (or npoIIU'e to RFDt fteIdL 1!ltIpoeuH, .....1IIlIl in .........
far·fJeld power deuity (mW/elll') lor _....1»ocIy....SAR of0.• W1lI.1a",
in the eolid line. lden to b& the ooc:upMioaal npoMU'e crilerioD. The .... !iDe, .
ftftJI UwIt or the octUpM.i,oDal ClriWloD. it Ute criMm. (or tM ......~ ...
the ti...llVWqiar period allowed IIr 4lIdI eriWion. TIM CI"OM.Iultehed ........
• Cttquency ranp in which whole·~ BAR ... limited lipdfk8lltlll (_ s.ce-. 1'7.•1.
The ~aJ1 fnquency ranp lor the criteria i8 0.3 MHz to 100 CHI. 0.,....OD"
clnllMUtenc-. ... o( the8e critwi_ II OOIIItlained by • lMIJDb&r 01 ClOIMIitioBa (....
17.4.1 to 17.4.1) and the crlleri8emnol. be.1.without nt.reDCeto theleeoHitioa

At. frequencies from 30 to 300 MHz. which is taken u the reeo.....t.
fft!qUenc:y domain for human beinp from smalI..t child to taIIeat lUll,
under both pounded and UDIl'Ounded conditiona. the criteria ....
related to an equivalent far-rl8ld power dellllity of 1 mW/cm

'
, a v_

that limita the maximum whoJe.body ave...,ed SAR to a 1eY,1 below
0.4 W/kg.

To limit the muimal wbole·body AV'rapd SAR to 0.4 WIke beyoad
this ranI' of frequencies (Fipre 17.2), conversions are neceIIUY...
fonowa:

1. At frequenciea ebove 300 MHz, a transitional recion it defiDed
between 300 and 1600 MHz where the Jimitin. power denaity for
eKpOlUJe iI taken u the quotient oC frequency in MHt divided
by 300 (1/300). The reauhin. quotient ezPreMell the power deD
.ity in units of mWleml .

~. f.t :ioi'cu"U4;i~ irom lbUO MHz to 100 GHz, the power-density
limit it 6 mWlcm2

•

3. At frequencies below 30 MHz .nd above 3 MHz.. tnDIitionaJ
M~O" !~ ~"'';~:.'d ~ih(.~ L1.a~ iiw.i..iu~ power d~naity for eapolUlt
is taken a the quotient of 900 divided by t.he square of the
frequency in MHz (900//'). A,ain. the result of tbil calculation
is ezpr8l8fJd in unita of mWIcms.



frequency, the duly cycle of the eeneraton al80 varied wicWy ra
cw to pulaed wav" with larp and amaIl duty ~Iee. Becauae limited
data are Ivailable to establiab the relation between the biolocical
effecta of CW and pulled aouFCeIl, the decision has been JUde t4
continue the traditional Ulage of health-pro~ctionpractieea I:ti. eoo.
trolling exposures to RFEM fields. This practioe has been to ......
the power den.ity over a period of 0.1 h (6 min), which eervee to JU.it
the DLa88-nol'lD8li1ed quantity of energy imparted to the body to ..
SA of 144 J/q. The same time-averqing period is reeommencled ia
the ANSI·1982 Btandard.

17.4.2 Genervl·Populotion Expoture Criteria

Previous elroN to·eetabliIh national and international e.....
mteria have pnerally led to the publication of expoaure cuideliDea
that are de8iped Cor application to individual. who are occupationaUy
elpONd in I typieaI career pattern, i.e., 40 b per week ad &0 .....
per year. The ANSI-1982 ltandard recommends the aame limitl 01
averqed ezpOllUl'e Cor the work place and for the pneralenvironmtDt.
Such a UDiform Wroach ia not traditional and, in keepinc with
NCRP's pnet.ice of dilferentiati.., between occupational ad p""
popuJation8, another let of criteria is recommended for the pnerl1
public.

The re8lOD.8 for a twofold eet of criteria can be stated II (oDOR.
Firat, individueIB .zpoeed in the work place ahouJd be relatively ..u
informed of the potential huardJ auociated with their occupation.
Furthermore, thete worken may have the opportunity to mOe ....
ItOnal decisioDi in reprd to their exposure, baled on the relatiw tilk
II they perceive iL Jndividuals lubjected to RFEM radiation ootlide
the work place an pneraJly unaware of t.heir eJ:poaUf8, and fu.a1JIer.
more, if they an lware, they rarely have the option to reduoe their
level of e:qJ08UJe. Second. the population at lu,e, lOme memben of
which could be e.,oted continuously to RFEM r..lda, containl •.
population. of debilitated or otherwiae ~ntially vulnerable iDdiYid·
uals for whom then it preeently inadequate knowledp to set finD
stancla". For example, the lenBitivity ofqed individuaJa, ofprepaot
f"Uiia~'lIs ami ..heir concepti. oi young infanta, or of cbronic:ally iI
perlOns ia not 'nnwn. Thirn, hecll.rn!e the ger~ra! population iii much
larpr than the occupational population, there are mol'8~ It
..;..~...~d, h~r.c:', th:: FO~' ~iv~Uli... il\WlUei ui pei1luna lUIC8ptlbJe ~
potential hum cu be peater unlell ezpoaure of the ,eneral popuIa.
tion it kept at a lower level
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For the I'8&IOn8 given above, it i, recommeoded that there be an
averapet ezposure criterion for t.be poeral public that ilM at a level
equal to one-fifth of that ofoccupationally eKpOleCi individuals. There·
(ore, the whole·body averepd SAR for the pneral public for oontiD
UOWI ezposure ahould not ezceed 0.08 W/kg. The rationale for the
reduction by a factor of 5 is bued on the ezpoture peri0d8 of the t.wo
populations, rounded off to one dicit (40 work boon per week/168
hours per week e -0.2). Implementation of thi. SAR in term. of
power den.ity is shown in Figure 17.2 .. a daahed line. For reuona of
prudence, oonliderinc the lack of knowledp of biolotieeJ efl'ectI at
low frequencies, it. ill recommended that, for frequenci.. below 3 MHz,
the population ezpoeure limit Mould continue to nee II mown, tollow
ing the 9<X>/r relationship. However, the line of tbil Nlationlhip
intrude. into the frequency domain in which it iae~ that huarda
are lUJIociated with surface-actinl electric fields and other facton may
control the limite of eJPOlure .. described in Section 17.4.1.

17.4.3 Titne Averaging for eM (hMroI Population

The time bale by which to Bverap the UmitincSAR for oecup8t.ionaJ
exposure ill O.l h (6 minuta). For upoeUle of the IlDlral population,
In ave!'8ling period of 0.6 h (30 min) is recommended. The increued
stringency of the pneral-population limit allow. this libenlization
with no aignificant additional riM beeau.. the population limit, alone
with the 30-min time-aveNging period, ,..trida the muimal SA to
the population duriq the 3O·min period to a value of no l.....r than
that ezperieneed durinc the G-min time-averalinc period of occupa
tional ezpo8ure. Overall. the SA for the population remain. at one·
fifth that of the ooeupetional value. At the I8JD8 time, the 3O·m.in
time-everaging period iI respon.ive to IIOIIle Ipecial cireumttaneet for
the public at Iarp. Ezimpl_ are transient p&I88p by the individual
past hilh·poweNd RFEM lOurtea, and briefezposun to civil teleeom·
municationa system8.

t -;...." SpeciGi Circumsr.anu. lor l'opuIIJlion "xpoIure

It is recognized that there 8J'e special circulD.ltance8 in which the
expaeundimita for the ~Mnl flO~"lIIItin,. "'~! "nn~'!Ir'h' i~h5hit

activit.i.e, that are brief and non·repetitive. For eumple, the preeeDCe
nearby of. number of emerpney vehicles enppel iD telecommuni·
cations might caUM 8 brief espoeure to fields at strenctha above the

:3
I'
::u

1\1

U.I

m

m

(SI

LD

11
::u
o
3:

D
-i
-i

E

lJ
rn
r
in
J)

Ul

J)
rn
lJ

,-,
rn

q

j

n

r:J

n

(..)

11
11

n
rn

U
D
Gl
rn
(SJ

h

"
f~

f\'
f'



'I'."... ,
\J
\J
'>J

fl

'"
.u
!J
I
1.

.u

.J

.L

.L
::>

~

::>

:n
LJJ
J

::>
ct::
LJJ
If)

If)
If)

W
-I
W
0::

3

f
f
<I

E
o
IX
lJ..

m
lSI

to

to
m

l\J

ct::
<I
E

2M I 11. EXPOSURE CfUT8R1A AND RATIONALB

pneraJ-population limit. Because only amelI group. of the popuJlltioIl
would be erpoled under t.beIe conditions, and almoet.een.iDly not OD
a repeeted bMie, the occupational exposure levels are pe~itted fft,.
~'~rh '~:l9';!.

17.4.& LoMliuA RYrn!~!~ C!"i!~:"i::

Expoeure lUoiu lex RJ'EM radiation for the human population .,.
baed to a peat ezteDt on data obtained from expolUl'el of &IUU
aniJlUlle to plade .a.... Under loch conditions, it i. relatively "'y to
quantify the mnimal rate of energy absorption by analytical or
8lpenmentalmeanl•

Althou,h it is no&praetical to quantify diatributiona of ahIorbed
enerv, ezcept for a few CUll where .pedal theoretical or laborator,
techniquel can be employed, it baa been demo..trated frequently dIa
the muimallocalbed SAR typically reaches levels u hiP at 10 to 20
timN the .hole-body averepd SAR. It baa &lao been found in an"""
of SAR di.tributi0n8 in modele of human beinp expolld to pllDl
wavee that mnimBJ SAR levele, as is the case in ezposwe of t.he amaH
animal, can reaeh 10 to 20 times the avenae value. It moat tileD be
reeopized that, for npoeure criteria baaed on whole-body·averlPd
SAR, eueh u tho.. let out in this section, the muimal SAR in •...u
region. of the body may be u much AI 10 to 20 times hipr (F"acure
17.1).

The only pl'llctieal way to cope with localized and non·unilonn field
espolUles il to rely on the data hue ueed to develop whoIe·body
ezpoeure limite. Then the hues (or the criteria become quite simply
that the pneral plVYiaions for limiting eaposure to • plane-9rIM fteJd
.boold not be ml.ted: n. occupational whole-body·avenpd rate of
enero abIorption durin, loeeIi2ed nposure or espoeure to non-UBi
form tWda .houId not ezceed 0•• W/kit and anatomieally Ioc:aIlJecl
ratee .bould not e.eeed thole that ue espected from a whoIe-bodJ
npoeure to a plane wave that. reluJta in aD awr.,. SAR 010.4 WfkI.

The plane·.aye 8'q)01Un levela allowed by the limit for occupational
ezpoeure ean be .ueeded for a particular RFEM eourc:e, provided it
can be shown that, for any individual that micbt be npoeed to
eminion. from that 1OWC8, the whole-body-averapd SAR don DOt
eJteeed 0." W/k. and the Ioeal aver. SAR does nOt eJteeed 20 ti.meI
the avenee, or 8 W/kl .. avenpd over a finite mbS (one gram) of
tiHue over any period of 0.1 hour.

By the same IJ1Ument. the criterion (or general-population. local
ized eltpOMlA should allow no more than one· fifth the levels ol SAR
allowed for occupational elpoeules. However, in the case of individu&t
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In the general population who U88 radio emitten 01 variOUI kinds (e.,.,
h.nd.heJd tranec:eiven. remote eontJOl devices, ete.), the eqMl8uree of
+~.. j",u'';'''''''!Jf '""~' h,;, ~~t~r t!:.=r. th: •.J:..£c.. 1"l.;i;vmmci.J..J. tv, ~
,enerat population. Ule of 8uch devices ie permi~ u a perIODaI

Jc!d.ion by th& individual. prvvidoW r.haL the d8vicet are designed and
med. deaiped 80 that the eKDOIUNI of t.... in"iv~.~.!~!! n':."te~

the reoommended,oocupationai cWdeliD8t and provided tUt, in uainc
the deviceIt the iDdividual doet not eJtPOM other pelIOn, above the
population cuide1inea.

It should be recocniled that detenninat.ion 0' whether a particular
RFEM 8OUR8 wiD meet t.... critAlri. poees *bnieal c:liMcuItieI. aDd
can be done only by • qualified penon. • l.ooratorJ. or a acieDtiIic:
body for a general ela. of equipment. It. is not ponible to determine
::onfonnit,y to the special criterion by means ora powerdenaity mea"
urement alon.e.

17.4.. Ali:dd-FrfqwJI.CY Fie,.

SimuJtaneoua ezpolnlnt of a penoa to ..eraI IOUJ'CeI of RPEM
radiation (e.... from commercial AM, PM, TV broedcata) is the rule,
eaeh lOuree rediati... at a dift'erent frequency. BecaUII the SAR
indezea the ezpoeure limit. (Ji'icure 17.2 el.Jl...... equivalent far-fteld
power denait.iel for a conetant SAB). appropriately weilbted power
densitiel are needed to refleet. complel radiation environment. The
combined power deMity that .. the criteria for abed-fMqueMy
fields it recommended to be the IUID of the powr den.tiee at each
frequency:

ST - Sa'" 8. + Be + .... 8.,. (17.3)

where s.r i. the combined power denaity, and Sir St, S" ad S. are the
power den.tiee at the fnquenciet, " (i - 1,2,3,... n), 01 eech RFEM
scW'Ct. with the CODCtition that

I
• Sf S, 8, S, . Sa

,_, ~ - La + Lt + L. + .... L,. S 1, (17.4)

where tbe La are the exposure limit. at the respective frequencies.

17.4.7 Modu/Gtion

Elsewhere in thi.a report (Seetion 11), effeda 01 Rl'EM rleldl UDder
low-frequency modulation on in-uitro and in·uil1O preparations have
been discussed in detail. It is not known whether the&e effects poM a
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risk to health. but their reliability and their independent confil1D8tioa
in avian and mammalian speciea dietate the need fOf eaution. 'M,I'?'!'>
iU"" II 8peciai carcumat800e ellposure criterion h.. been proYidtd'';'
(OUOWII: If the cerrier frequency is modulated at a d~pth of 50 poruhCo
or greater at frequencies between 3 and 100 Hz. the eKpOlure criteria
fc: tho io;',~i.J ""6'uil:li.iun 8haii aiao appiy to occupational ezpoaurea.

17.••8 Power-De,.,ity Pea'"

The time averqing of and the limite on power densitiel and SARa
81 provided in the criteria in thi. report preclude ciJCUlll8tahet1 in
which ezceuive in8t1ntaDeous peak-power levela can occur. There ia,
therefore, no need fA) specify A iimit on peak power, ae such.

17.4.9 Medical U. of RFEM RadUJliona

'The propoeed exposure criteria are not appliclable to medical 8ppU
cation.a of RFEM rleldl iDlOfar .1 the petient il concerned, but aN

applicable to medical and technical .WI that un RFEM 8OUJ'CeI in
diagnostic and therapeutic: proceduree.

17.1 M............ olUEMFiel..

Some ellJlOltu8 ataDderda (e.,., ANSI-l982) apecily tbat 1DeUme-

menu of rleld atrenethl aboulcI be made at diatancee of 6 em or IlIOn

(rom any object to avoid enora incumbent with lCatteri.., propertiee
of abeomin, and nf1ectin, objede in the RFEM field, and witJa
pnctical limitations or me&8UriDl inlltrumenta. 'or ellample, objeete
immened in aD RnM field at power densiti.. below thOle tpeei&d
an the becinninl 01 Section. 17.4.1 and in Section 17.•.3 can produce
a seattered field of apparent inteDlity greatly nceedinl that of the
primary 8Ourct. Valid meuurementl of auch scattered rlflldl in proa-
imity to an object .... diftic:ult or an not poslible bee8UM of the rmit.
8Ue of the field I8ftlOr and beea.... of the interaction 01 the fWd with
the object. In addition. the quantity 01 RFRM eoerlY that caD be
coupled from a ecattend r..1d to an espoled hum.an heiDI ill ...u
compared with that from a primary source. AT£bOUiL it is bi)'Oiid tfii ! '
scope of thia report to spedfy the measurement methodolOlY needed *.
to apply the ellpoeure (ritena and, uti! more detailed guidelinel ue
available, it it recommended that measurements be made at • distance
of 5 cm or more from any object in the field.
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17.6 Couideratlo.. POMibIy I.n_nci•• the Criteria
•• Uae lul..re

Thia document II bued on literature references pubIisbed up
t.hmu!h th. y~~! IJ! !9!2. Th::::: w-:: tnu UC." Fwdli.p ull.ne iiieniture
publi.hed after .tbia date that could result in future chanpa in the
RFEM cri_ria. One findinl concern. the polsibility of RF burnt or
excessively higb, locaJi2ed 8AR occurrilll in the bandl. wriItt. or
ankles of penona coming in contact with If'OUnded metallic objecta,
and the other finding concernl • pOlllibie link between RrBM espo
SUrei and the increased inc:idenee of malipant tumOR. Details IN
dillCUMed below.

11.8.1 RF Bum. and Hilla 1AJcaJized SAR

Recent neearch on identiCyinl ha.arde in the 10-kH. to 3-Mfk
frequency ranp bued on meaauremente of body impedanee and in
duced current in expoeed, volunteer human 8Ubjecta predicta that
potentially h...moue level. of body current and localbed SAl may
oecur Cor ezpolu.... within the recommended SUidelilll8 of Ulia report
at frequencies of 1 MHz or IIHter (Guy and Chou. 1982; Gandhi et
aL, 1986; Guy and Chou. 1986). The thnehold current (or Rr burne
occurrilll on the Itnpr due to contact with a conduetinl Nrfae. il200
rnA (Ropn, 1981), and the threthold BAR (or viaoroul and poMibly
dUDalinlloeal bealiDl baled on diathermy treatments ia 50 to 120
WIkl (Guy et al., 19M). If the NOOnunended atandudt baaed on the
10·kHI to 3-MHI .tudies are .xtr8pol8ted to 30 MB. 81 ahown in
FiCUJe 17.3. a muim\llD 8llp01UN I,") of 0.13 mWfem' would haWl

to be impoeed to prevent Rr buma and to prevent the muimal SAR
(rom esceediDl 8 WIke tor contact of the hand with any erounded
conductor durin, eKpOaunt in an elltended rleld. BeeaUM the quui
static aMylia used (or the 10-kHl to 3-MHI nnp will become invalid
with increaainl frequenc:y in the ranee 3 to 30 MHz and 81 the whole
body reIOnant frequency is approached, predietion of muimulD per
massible levels above 30 MHz would nquire more sophisticated models
for grounded contact ellp08W'e1 than now IIV8ilable.

17.6.2 RFEM Fie,. and MaliBndnt TumorlJ

A report (Kunz et aL, 1985) that wal widely publicized in the De'"
media aa linking RFEM fieIda with cancer, indicated that 18 out of
tOO Sprague-Dawley rats exposed for life under specific-pathogen-Cree
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r.......' ....

P',. 17.3. BUIll"; of the npIlIIQft criteria ill ter.e oI.l.Idric rleld ,trenpIa aDd
PO'" de.8it, b...t 011 DGt elloeedil!r tbe ....r...·SAR (0.4 W/kI), 1D&I.8aI&B '1
WIQ.l and RF·bum (200 aaA) criteria r. whole-bod, e&pOWJe iJa lUI eateadld RrBM
field 01 • penon inwr.ud !rom the pound (by u.e .....rial on which ,... II
ICandifti) but with • haDd ....blnI • IIQllIIded object (...... lMtal ). n.
8.trapolMion on t'" lUI4l1YJi1 ol the ..... obWMd i. ther~ betweea 10 IIH J
MH•• baa bee....... to 30 MIls, but It II not appnpriat.l .........t 'beory II
DOt ........ to dIMribe ia....,.ioDI with tIM r..w u ..... fIequeaey iIICftIUIIabon
3 MHI aad approedMt """1Jod.y nIOIlant r...ency. I. tIda ........... D·
bum coDditioD ....... t" limJIbII criteriOll Dd, • 30 MUI, it eat,.••• tG -II
VI. or -0.13 • Wlea'. (NotA tbM the twv SAR CIII'VIe an not ....uet to ,. D·...
CWYe becauae of l.bt effIct of IDenMlBt condoctivity ~'h trequency on th. 8AR.) (At.
Guy and C.ou, 1982. .986.)

17.8 CONSIDERA'MONS FOR FUTURE CRITERIA ! 289

occunence of the neopl.m. with no attention given to the area 01
occurrence. This analyai.s indicated that neither group has ID eace..
o! beni~ leftionlll. 1'b.pn- i" qf-qti"tir ...1""ii?!O,:,? ~h~~ ~h(; uawa. lAWAi:'.·
of primary malipancies wu hiPer in tbe esposed animall than in
f.h4' Ahflm nJ)Q«ed, bt..t the- biolop,calliiJ'incAtlCe of thie difference i.
reduced by leveral ractort. Firat. deMction of th. tliff.I1• ..,."~••~
the COU.inl of spalH data without. reprd (or the apec:ific type of
maJipaney or ti.s8ue 0(oricin. Allot when the incidence of the IpeCme
primary malicnanci.. in the expoeecI anime is compared with the
8pecific tumor incidenee reported in the Ut.rature. ourezpoeed animal,
had an incidence aiIIliIar to that of untreated control rata of t.ba ....
strain. maintained uncIer eimilar SPF conditiona (Anver, Cohen, Lat·
tuada and Foster. 1982). It is important to note that no ..RIle type of
primary malicnancy~ enhanced in the eqJOltld animalt. ProID the
atandpoint of cuc:iDopnetill. benip neop...... have conliderable
significance under the llsumption that the initiation Proce&l ia similar
(or both benip and malipant tumon. The fact that t....tment poupe
showed no differenee in beDip tumor incidence i. 8n lmROrtant
element in definiq the promotion and indUlCtion potential o( m.iero
wave radiation for carcinoceneaia. The collaplinc of epane et.ta with·
out reprd for tiuue orifjn iI Uleful in deteetint pouible ltatitt.ical
trends, and the findine bere of Ucell primary maliPaDciell in the
uposed animale ia Pl'OYOCltive; however, when thia sin." finclnc ia
coRliideled in the li.bt 0(other parameten evalu8ted, it i• .-tioMble
if the .tatiltical difference reflecta a true biololical activity (Wud,
1983)."

The information in thi.lIUbeection emphasilel that edditional work
in theM important areu i. required.
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(SPF) eonditio.... to 2.46-0Hs pulled riel. at SAR levela of 0.2 to 0.•
W/1&. autrered hom malipantn~ ...io.... Only 6 out of 100
rats .......qJOIetI UDder identical condition. luffered from the ....
Inion•. The Mantel·IIM....1(M-H) anaIyeia of the relative riM..
4.46 and the Chi-square test WII 8.0 (p - 0.005, elf .. 1). The iaddeIM:e
of neoplutic ".ions in either poop i. within the ranp 0( incideDcel
reported (or thia stnin of rat; only three tumon were preeent in ...
youncer tta.n 12 IaOIlth. (all iIt the sham elpo.ed), and the incicIeDce
rapidly increued after 18 months of ap. The endocrine sy.m hal
the biaheat incidence of neoplasia in the qine rats, as ia to be ezpeded
in this 81perimental animal.

However, the authon~ in the report: "The low iDCidenee or
neoplesia wit.h no incre... in any apecific organ or tissue required the
data to be collapeed and ItatiaticaJly evaluated with reapec:t only to
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CUl'l'tntJy, the foilowiDc aubpoupll are 8Ctively enppd in formu.
lating ~ommendationll:

In recognition of itt relpOlUlibility to .faeilitate and stimulate coop
eration amonl orpniaationl concerned with thlsci8lltific sad related
upecte of radiation protection and meuunment., t.he Council baa
created a catetory of NCRP CoI1aboratinc Orpnisationl. Orpniza~
lions or groupe of orpniutioaa that are national OY international in
scope and are concemed with scientifac problemll involviq radi8tion
quantities, umb, measurements, and effects, or radiation prot«!tion
may be admitted to collaborating lltatua by the Council. The p.....nt
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